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During lyssavirus surveillance, 1,221 bats of at least 30 species were collected from 25 locations in Kenya.
One isolate of Lagos bat virus (LBV) was obtained from a dead Eidolon helvum fruit bat. The virus was most
similar phylogenetically to LBV isolates from Senegal (1985) and from France (imported from Togo or Egypt;
1999), sharing with these viruses 100% nucleoprotein identity and 99.8 to 100% glycoprotein identity. This
genome conservancy across space and time suggests that LBV is well adapted to its natural host species and
that populations of reservoir hosts in eastern and western Africa have sufficient interactions to share patho-
gens. High virus concentrations, in addition to being detected in the brain, were detected in the salivary glands
and tongue and in an oral swab, suggesting that LBV is transmitted in the saliva. In other extraneural organs,
the virus was generally associated with innervations and ganglia. The presence of infectious virus in the
reproductive tract and in a vaginal swab implies an alternative opportunity for transmission. The isolate was
pathogenic for laboratory mice by the intracerebral and intramuscular routes. Serologic screening demon-
strated the presence of LBV-neutralizing antibodies in E. helvum and Rousettus aegyptiacus fruit bats. In
different colonies the seroprevalence ranged from 40 to 67% and 29 to 46% for E. helvum and R. aegyptiacus,
respectively. Nested reverse transcription-PCR did not reveal the presence of viral RNA in oral swabs of bats
in the absence of brain infection. Several large bat roosts were identified in areas of dense human populations,
raising public health concerns for the potential of lyssavirus infection.

Lagos bat virus (LBV) is a species in the Lyssavirus genus
(family Rhabdoviridae, order Mononegavirales). It was first iso-
lated from a pool of brains of Eidolon helvum fruit bats at
Lagos Island, Nigeria, in 1956 (4). Relatedness between LBV
and classical Rabies virus (RABV) was not established for 14
years. An electron microscopy study undertaken from 1969 to
1970 demonstrated that LBV and Mokola virus (MOKV) were
rhabdoviruses. Additional studies revealed serologic cross-re-
activity of these viruses to each other and to RABV, and the
concept of rabies-related viruses (subsequently classified into
genus Lyssavirus) was established (53).

At present, seven species are recognized within the Lyssavi-
rus genus. Besides RABV, LBV, and MOKV, these include
Duvenhage virus (DUVV), European bat lyssavirus type 1
(EBLV-1), EBLV-2, and Australian bat lyssavirus (ABLV)
(61). Four other lyssaviruses have been incorporated into the
genus as putative species: Aravan virus (ARAV), Khujand
virus (KHUV), Irkut virus (IRKV), and west Caucasian bat
virus (WCBV) (32, 34). One other putative species, Rocham-
beau virus, is currently listed within the genus but was shown
recently to have no significant phylogenetic relatedness to ly-
ssaviruses (33).

Four lyssavirus species have been documented in Africa. Of
these, RABV occurs worldwide but LBV, MOKV, and DUVV
have not been naturally encountered outside of Africa. Al-
though RABV infection of bats is well known in the Americas,
this viral species has been associated only with infections of
terrestrial mammals in Africa. To date, MOKV has been iso-
lated exclusively from terrestrial mammals as well, whereas
LBV and DUVV are bat lyssaviruses, with only occasional
isolation from other mammals (47). In total, 28 cases of LBV
infection were reported from several African countries, but
only 16 isolates were obtained (39, 40). After its first isolation
in Nigeria, LBV was isolated in 1974 in the Central African
Republic from the fruit bat Micropteropus pusillus (57). From
1980 to 1982 and in 1990 several isolations were made in South
Africa from Epomophorus wahlbergi fruit bats and from a cat
(58). In 1985, LBV isolation was reported from Senegal, where
the virus was obtained from the brain of an E. helvum bat, and
from Guinea, where it was isolated from the insectivorous bat
Nycteris gambiensis (39). In addition, LBV was isolated from a
cat in Zimbabwe (1986) and from a dog in Ethiopia (between
1989 and 1990) (43, 58). In 1999, LBV was isolated from a fruit
bat of the species Rousettus aegyptiacus that was imported to
Belgium from Africa (presumably from Togo or Egypt) and
that later died in France (2, 49). Enhanced surveillance in the
KwaZulu-Natal Province of South Africa resulted in several
LBV isolates obtained between 2003 and 2006. The majority of
these originated from a single species of fruit bats (E. wahl-
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bergi); however, the virus was also isolated from a dog and a
mongoose (39, 40, 41).

Recent studies have demonstrated the complex phylogeny of
LBV (39, 45). The original isolate (Nigeria; 1956) is genetically
distant from other LBV isolates encountered to date. The two
viruses originating from Senegal (1985) and found in France
(having been introduced via Togo or Egypt; 1999) are similar
to each other and constitute another phylogenetic lineage. A
third lineage is formed by isolates from Ethiopia, the Central
African Republic, Zimbabwe, and South Africa, identified
from 1974 to 2006. Genetic distances between these lineages
are greater than those described for other lyssavirus species
(39). However, the limited number of isolates and lack of
surveillance data do not allow conclusive assessment of distri-
bution, host specificity, and circulation patterns of LBV across
the African continent.

Given the emergence of new viruses associated with bats,
additional surveillance is needed to appreciate the zoonotic
importance of these agents. In the present study we report
information obtained after initiation of the first bat lyssavirus
surveillance in Kenya.

MATERIALS AND METHODS

Bat sampling and identification. The study was performed in the framework of
the Global Disease Detection Program, dedicated to the detection of emerging
infectious agents in Kenyan bats. A pilot survey was conducted from July to
August 2006 across the southern part of Kenya (Fig. 1). Bats (n � 290) were
collected from 17 locations. Selection of sampling sites was based on the avail-
able information about bat roosts and on field observations of flying and foraging
bats. Whenever possible, 10 to 20 animals of each species present were collected
from each roost. Based on the results obtained in 2006, additional bat sampling
(n � 931) was performed from June to July 2007 from 14 locations, including
new sites and sites that had been sampled in 2006 (Table 1). The focus was given
to the species that demonstrated the presence of lyssavirus-neutralizing antibod-

ies and to those reported previously as reservoirs of emerging pathogens (58).
The number of samples and the collection protocol were justified and approved
by the National Museums of Kenya and the Kenyan Wildlife Service.

Locations 1, 2, 6, 8 to 11, 13, 16, and 19 to 23 were caves; locations 3, 5, and
24 were tree roosts of E. helvum (also including several bats of other species
mistnetted under these roosts at night); locations 4, 7, 18, and 25 were buildings;
and locations 12, 14, 15, and 17 were sites of nocturnal foraging of several bat
species. Locations 3 to 5, 7, 12, 17, 18, 21, and 23 to 25 were situated within or
in immediate proximity to human settlements; locations 1, 2, 6, 13 to 16, and 20
were often visited by local people and by tourists; and locations 8, 9, 10, 11, 13,
19, and 22 were visited by the public only infrequently.

Bats were collected by hand nets or manually in the caves and human dwellings
and mistnetted around roosts or in locations of nocturnal foraging. Both adult
and subadult animals (based on body size) were randomly collected in 2006,
whereas in 2007 the preference was given to adults. Captured bats were anes-
thetized by an intramuscular injection of ketamine hydrochloride (0.05 to 0.1
mg/g body weight) and euthanized under sedation in compliance with the field
protocol, approved by the Animal Institute Care and Use Committee of the
Centers for Disease Control and Prevention. The bats were measured, sexed, and
identified to species. If species determination in the field was not possible, DNA
specimens (pieces of liver in ethanol or tissue impressions on FTA (Flinders
Technology Associates) cards (Whatman, Florham Park, NJ) were submitted for
identification to Guelph University (Ontario, Canada), where partial sequences
of the cytochrome oxidase gene were generated and compared to those available
from the database of the Barcode of Life Data Systems (http://www.boldsystems
.org). For virological studies brains and pooled organs (spleen, liver, and lung)
were collected in sterile plastic tubes. Oral swabs were placed in tubes containing
minimum essential medium supplemented with 10% fetal calf serum (MEM-10;
Invitrogen, Grand Island, NY) for further virus isolation or TRIzol (Invitrogen,
Carlsbad, CA) for RNA extraction. For a subset of animals, fecal and nasal swabs
were also collected in sterile dry tubes. Serum was separated from blood clots by
centrifugation. When sick or dead bats were encountered, additional tissues
(salivary glands, tongue, reproductive organs, adrenal glands, kidneys, stomach,
intestine, bladder, and heart) and vaginal swabs were collected. All samples were
transported on dry ice and stored at �80°C until use.

Lyssavirus antigen detection. Bat brains (n � 1,182) were subjected to the
direct fluorescent antibody (DFA) test as described elsewhere (13) using mono-
clonal (Fujirebio Diagnostics Inc., Malvern, PA) or polyclonal (Chemicon Int.,
Temecula, CA) fluorescein isothiocyanate-labeled anti-rabies virus antibodies.
The same test was applied to brains of mice that developed clinical signs of
disease during virus isolation and titration and to the mouse neuroblastoma
(MNA) cell culture used for the same purposes.

In addition, the frozen-section DFA test was implemented for the tissues of
the LBV-positive bat. Representative tissue samples (adrenal glands, bladder,
heart, intestine, kidney, liver, lung, reproductive tract, salivary glands, spleen,
stomach, and tongue; approximately 0.1 to 0.2 g of each) were embedded in
Tris-buffered saline tissue freezing medium (Triangle Biomedical Sciences,
Durham, NC). Serial sections of 8 �m each were cut on a cryostat (Microm, HM
505N; Richard Allen Scientific, Kalamazoo, MI) at �22°C. Sections (50 to 75
from each tissue) were collected on glass slides (precleaned Gold Seal slides;
Gold Seal Products, Portsmouth, NH), air dried, and fixed in acetone (EMD
Chemicals Inc., Gibbstown, NJ) at �20°C for 30 min. Tissues of another E.
helvum bat that did not demonstrate the presence of lyssavirus antigen in the
brain were used as negative controls. Representative slides containing cuts from
different layers of the embedded-tissue block were selected for DFA staining.
Stained slides were rinsed twice in phosphate-buffered saline, and coverslips
were applied using 10% glycerol–phosphate-buffered saline solution. All slides
were examined for the presence of lyssavirus antigen using an Axioplan 2 imag-
ing microscope (Carl Zeiss, Germany) at 200� magnification.

Virus isolation and titration. Bat brains collected in 2006 (n � 277) were
homogenized and tested in the intracerebral mouse inoculation test (MIT) as
described elsewhere (30) using 3-week-old outbred ICR mice. For the specimens
collected in 2007, the isolation was attempted in 2-day-old suckling mice. How-
ever, this was done for a subset of brains only (n � 120), including the specimens
from all sick and dead bats (n � 11). For the bat that demonstrated the presence
of lyssavirus antigen in the brain, the titers of the virus in homogenates of the
brain and salivary glands were determined by intracerebral and intramuscular
inoculation of 3-week-old ICR mice. The 50% mouse lethal dose (MLD50) was
calculated using the Spearman-Karber method (1). In addition, for this bat the
isolation in MNA cells was attempted from a number of tissues and swabs, as
described previously (65). The test was performed in 25-cm2 plastic flasks (Corn-
ing Inc., Cambridge, MA), with the control of inoculation in LabTek slides
(Nalge Nunc Int., Naperville, IL). If no lyssavirus antigen was detected in the

FIG. 1. Map of Kenya, with the locations of the bat collections
indicated.

1452 KUZMIN ET AL. J. CLIN. MICROBIOL.



TABLE 1. Samples of bats collected in Kenya from 2006 to 2007 and subjected to lyssavirus diagnosis and LBV-neutralizing antibody detection

Location Species
No. of positive samples/no. tested from:

Brains by DFA or MITa Oral swabs by nRT-PCR Serum by RFFITb

1 Miniopterus sp. 0/155 0/110 0/132
Rhinolophus sp. 0/31 0/24 0/16
Rousettus aegyptiacus 0/76 0/75 33/76

2 Hipposideros ruber 0/4 —c 0/3
Rhinolophus sp. 0/1 0/1 0/1
Rousettus aegyptiacus 0/56 0/54 25/54

3 Chaerephon pumila 0/8 0/8 0/8
Eidolon helvum 1/18d 1/17d 12/18e

Epomophorus labiatus 0/6 0/6 0/5
4 Chaerephon pumila 0/3 — 0/4

Chaerephon sp. 0/8 — 0/8
5 Eidolon helvum 0/86 0/86 41/79
6 Hipposideros ruber 0/2 — 0/2

Rousettus angolensis 0/10 — 0/11
Miniopterus inflatus 0/12 — 0/12

7 Chaerephon sp. 0/17 — 0/16
Eptesicus tenuipinnis 0/4 — 0/4

8 Miniopterus sp. 0/47 0/50 0/46
Rhinolophus hildebrandti 0/1 0/1 0/1
Rhinolophus landeri 0/6 0/6 0/4
Rhinolophus sp. 0/1 0/1 0/1

9 Rhinolophus landeri 0/9 0/8 0/6
10 Otomops martiensseni 0/19 — 0/19
11 Pipistrellus sp. 0/1 — 0/1

Rhinolophus sp. 0/6 — 0/6
12 Epomophorus wahlbergi 0/3 — 0/3

Epomophorus labiatus 0/1 — —
13 Miniopterus africanus 0/29 0/31 0/30

Rhinolophus huldebrandti 0/21 0/16 0/19
Rhinolophus landeri 0/2 0/2 0/2
Rhinolophus sp. 0/4 0/4 0/4

14 Pipistrellus sp. 0/1 0/1 0/1
15 Chaerephon pumila 0/13 0/13 0/12

Epomophorus wahlbergi 0/2 0/2 0/2
Nycteris sp. 0/1 — 0/1
Neoromicia sp. 0/2 0/2 0/2

16 Coleura afra 0/12 0/12 0/13
Rhinolophus landeri 0/1 0/1 0/1
Rhinolophus sp. 0/15 0/13 0/14

17 Epomophorus wahlbergi 0/7 0/8 0/8
Nycteris sp. 0/1 0/1 0/1
Pipistrellus sp. 0/2 0/2 0/1

18 Chaerephon pumila 0/6 — 0/6
Coleura afra 0/18 — 0/2
Taphozous sp. 0/2 — 0/2

19 Cardioderma cor 0/12 — 0/11
Species unidentified 0/4 — 0/4

20 Coleura afra 0/5 0/2 0/1
Hipposideros commersoni 0/6 0/4 0/6
Miniopterus minor 0/134 0/120 0/111
Nycteris hispida 0/4 0/4 0/4
Rhinolophus sp. 0/1 — —
Rousettus aegyptiacus 0/107 0/106 30/93
Triaenops persicus 0/16 0/18 0/12

21 Coleura afra 0/1 — 0/1
Hipposideros commersoni 0/10 — 0/10
Rhinolophus sp. 0/2 — 0/2
Taphozous hildegardeae 0/3 — 0/2

22 Cardioderma cor 0/14 — 13
23 Pipistrellus sp. 0/1 — 0/1

Rousettus aegyptiacus 0/106 0/117 34/116
Scotophilus sp. 0/1 — 0/1

24 Eidolon helvum 0/5 0/5 2/5
25 Chaerephon sp. 0/20 — 0/19
Total 1/1,182d 1/931d 177/1,069e

a Both the DFA test and the MIT were implemented for 397 samples, whereas the DFA test only was implemented for the remaining 787 samples.
b Test for LBV-neutralizing antibody.
c —, no samples tested.
d The single positive record indicates the dead E. helvum bat, from which the KE131 virus was isolated.
e Including the dead E. helvum bat, from which the KE131 virus was isolated.
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MNA cells placed in LabTek slides 72 h postinoculation, the cells from the flask
were subjected to two subpassages at 72-h intervals. Absence of viral antigen in
the cells after the last passage was considered a negative result.

Detection of viral RNA by nested reverse transcription-PCR (nRT-PCR).
Total RNA was extracted from the oral swabs that had been collected in TRIzol
(n � 785) according to the manufacturer’s instructions. For certain bats (n �
146) the swabs collected in MEM-10 were the only ones available. For these, 200
�l of swab medium was mixed with 1 ml of TRIzol and subjected to RNA
extraction. For the bat that demonstrated the presence of lyssavirus antigen in
the brain, RNA was extracted from all available tissues and swabs. Primers were
designed within the coding region of the nucleoprotein (N) gene based on the
alignment of available gene sequences of LBV, MOKV, and WCBV. The initial
reaction was performed with sense primer N1F, ATGGAKTCWGAMAASA
TTGT (positions 71 to 90), which was also used for reverse transcription, and
antisense primer N550B, GTRCTCCARTTAGCRCACAT (positions 647 to
666). The nested reaction was performed with sense primer N70F, GAYCAAT
ATGARTATAARTA (positions 140 to 159), and antisense primer N490B, TC
CATYCTRTCTGCWACATT (positions 560 to 579; all positions are given ac-
cording to the Street Alabama Dufferin RABV strain genome sequence
[GenBank accession number M31046]). The reactions were performed as de-
scribed elsewhere (26). No housekeeping gene was used as a control for the
presence of the host RNA in swab samples, as we dealt with many species of bat
species from different families for which no genetic information was available.
All positive results were confirmed by nucleotide sequencing, performed on an
ABI Prism 377 DNA sequencer (Applied Biosystems, Foster City, CA) according
to the manufacturer’s instructions.

Sequencing of the complete LBV genome and sequence analysis. Total RNA
was extracted from the bat brain that demonstrated the presence of lyssavirus
antigen using TRIzol and subjected to RT-PCR. The primer pairs described
above were used initially, and sequencing of the RT-PCR product demonstrated
that the virus belongs to LBV. Design of primers for amplification of the re-
maining part of the N, phosphoprotein (P), matrix protein (M), and glycoprotein
(G) genes was based on the alignment of several LBV sequences determined
earlier (39). For amplification of the polymerase (L) gene, specific sense primers
were constructed close to the 5� end of the previously generated sequence and
degenerate antisense primers within the L gene were constructed based on the
alignment of the L gene sequences of RABV, MOKV, and ABLV, available
from GenBank. Overlapping segments of 1.0 to 1.5 kb were amplified and
sequenced at each step.

Further, as extremities of all previously described lyssaviruses were similar, we
used the common lyssavirus forward primer LYS001F (ACGCTTAACGAMA
AA), starting in the beginning of the lyssavirus genome, to amplify a significant
part of the leader RNA. Similarly, the reverse primer LYSEND (ACGCTTAA
CAAAWAAA), which is complementary to the 5� terminus of the lyssavirus
genome (and reversely complementary to the 3� terminus) was used to amplify a
part of the trailer RNA. Indeed, the 3� and 5� extremities of the genome (the
annealing regions of LYS001F and LYSEND primers) remained unknown when
this method was used.

For determination of the 3� and 5� genome extremities, circularization of the
RNA by ligation, with subsequent amplification of the ligated extremities by
nRT-PCR, cloning of the nRT-PCR product, and sequencing of the clones, was
performed. In brief, 13 �l of RNA solution (concentration, 0.5 to 1.0 �g/ml) was
mixed with 2 �l of T4 RNA ligase (20 U), 4 �l of 10� ligation buffer (Promega;
supplied with the ligation kit), 20 �l of 40% water solution of polyethylene glycol
8000, and 1 �l (40 U) of RNase inhibitor (Roche Diagnostics, Mannheim,
Germany) in a total volume of 40 �l. The mixture was incubated at 37°C for 30
min. Thereafter the samples were subjected to ethanol precipitation twice and
resuspended in 13 �l of diethyl pyrocarbonate-treated water. The ligated RNA
was subjected to nRT-PCR with sense primers located within the 5� end of the
viral L gene and antisense primers located within the 3� end of the N gene (a
fragment of 450 nucleotides [nt] was amplified in the primary RT-PCR, and a
fragment of 300 nt was amplified in the nested reaction). As the ligated genome
termini are truncated frequently, cloning was the obligatory prerequisite for
sequence determination. The nRT-PCR products were purified with the Wizard
PCR Preps DNA purification system (Promega, Madison, WI), inserted into the
pGEM-T Easy vector (Promega), and cloned in Escherichia coli JM109 compe-
tent cells (Promega). Fifteen randomly selected clones were subjected to se-
quencing. Both DNA strands of a given PCR product were sequenced at least
twice.

The sequence assembly, alignment, and consensus sequence generation, as
well as DNA translation and estimation of identities, were performed with
BioEdit software (22). Phylogenetic comparison with other LBV representatives
was performed by the neighbor-joining method with the Kimura-2 distance

estimation, implemented in the MEGA program, version 2.1 (31). The entire N
gene sequences were compared, and branching support was determined for 1,000
bootstrap replicates.

RFFIT. The virus-neutralizing antibodies (VNA) in bat sera were determined
by a modification of the rapid fluorescent focus inhibition test (RFFIT) (54)
using four-well (6-mm) Teflon-coated glass slides (Cel-Line; Erie Scientific,
Portsmouth, NH). Initially all serum samples were screened in dilutions of 1:10
and 1:25. In brief, 3.5 �l of serum was mixed in a well with 14 �l of MEM-10.
Further, 5 �l of this mixture was transferred to another well and mixed with 7.5
�l of MEM-10 (final volume in each well, 12.5 �l). Thereafter 12.5 �l of viral
inoculum was added to each well (virus dose, 28 to 100 focus-forming units, as
determined by titration on a control slide with each set of sera), and the slides
were incubated in a humidity chamber for 90 min at 37°C in the presence of 5%
CO2. After the incubation, MNA cells (25 �l of 2 � 106 cells/ml) were added into
each well, and slides were incubated at the same conditions for 20 to 44 h
(depending on the virus used) before acetone fixation and staining. At micros-
copy, 10 separate fields were counted for each well. If a reduction or absence of
fluorescence was observed, the serum sample was subjected to additional titra-
tion, in dilutions 1:10 to 1:1,250. The 50% end point neutralizing titers were
calculated by the method of Reed and Muench (54). Only the samples that had
a 50% end point neutralizing titer greater than 1 log10 (e.g., less than five fields
contained infected cells at a serum dilution of 1:10) were considered positive.
Previous trials for RABV VNA demonstrated that results obtained by this
micromethod are comparable to those obtained by the classical test with cham-
ber slides (54).

For samples collected in 2006, the neutralizing activity against representatives
of three known phylogenetic lineages of LBV (LBVAFR1999, LBVSA1982, and
LBVNIG1956; see the Fig. 3 legend), MOKV (isolated in South Africa in 1997),
DUVV (isolated in South Africa in 1970), and RABV (laboratory strain CVS-11)
was determined. For samples collected in 2007, the neutralizing activity against
the LBV isolate LBVAFR1999 only was determined.

Statistical analysis. The 95% confidence intervals for virus titers, indicated in
the text, were calculated by Neoprobit method (1). Seroprevalence values for
different demographic groups of E. helvum and R. aegyptiacus were compared
using the chi-square test. Antibody titers between males and females of these bat
species were compared by the two-sided Student t test for independent samples,
since distribution of the log10 titers in each group was close to normal, and
variances in the groups were assumed to be equal. P values less than 0.05 were
considered statistically significant.

RESULTS

Bat sightings and detection of LBV. Most bats observed and
collected during our field trials appeared healthy. No fresh bat
carcasses, which could be suitable for virological testing, were
encountered in July and August 2006. Only one sick bat, a male
Taphozous hildegardeae bat, was found in location 21. During
June and July 2007, 11 fresh bat carcasses were collected,
including three E. helvum bats (locations 3, 4 and 24), six
Coleura afra bats (location 20), and two R. aegyptiacus bats
(location 20). One sick Hipposideros commersoni bat was found
in location 20. According to the information provided by rep-
resentatives of the local public, people encounter sick or dead
bats infrequently, except at location 3, where numerous large
bats (presumably E. helvum) were seen dead on the ground in
February 2007.

No lyssavirus antigen was detected in the brains of bats
collected in 2006, and no neurotropic agents were isolated
from these brains in MIT (n � 277). In 2007, lyssavirus antigen
was detected in one sample, the brain of an adult female E.
helvum bat found dead under the roost in location 3. The
estimated time between bat death and sample collection was
several hours. The body was in rigor mortis, all tissues at
necropsy were in a good condition, and serum was successfully
separated from the blood. All mice inoculated intracerebrally
with 10% suspensions of the bat brain and salivary glands
developed signs of encephalitis with incubation periods of 6 to
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8 days. The isolate was named KE131. The mouse intracere-
bral titer of the virus in the bat brain was 4.9 � 0.53 log10

MLD50/0.03 ml, and in the bat salivary glands it was 3.3 � 1.35
log10 MLD50/0.03 ml. In addition, the brain suspension was
pathogenic for mice when given intramuscularly, with a titer of
1.3 � 0.49 log10 MLD50/0.05 ml, whereas salivary gland sus-
pension did not kill mice by this route.

Results of virus isolation from various tissues of the infected
bat, in comparison with RNA and antigen detection, are pre-
sented in Table 2. Only samples of brain, salivary glands, and
tongue demonstrated the presence of viral antigen in MNA

cells 72 h after the first inoculation. However, additional sub-
passages revealed the presence of the virus in several addi-
tional tissues, as well as in oral, nasal, and vaginal swabs. Viral
RNA was detected in all examined tissues except spleen and
intestine. Various distributions of viral antigen in tissue cryo-
sections were observed. The greatest amount of the antigen
was detected in the tongue and salivary glands. Positive areas
of the tongue papillae included epithelial cells and associated
connective tissue ganglia. In addition, numerous positive foci
within the muscular layer nerves and nerve bundles were reg-
istered (Fig. 2a). Viral antigen in the submandibular salivary
glands was observed in ganglion, mucous, and serous acini
(Fig. 2b).

The antigen was also detected in all sections of adrenal
glands, heart, intestine, reproductive tract, and stomach. Tis-
sue morphology in cryosections was less than ideal; however,
the majority of focal antigen in these organs was clearly asso-
ciated with connective tissue nerves and ganglia. For example,
in the adrenal glands viral antigen was identified within ganglia
of the medulla. No positive muscle was identified in the heart;
however, small antigen foci were detected in associated nerves.

Molecular characterization of the KE131 LBV isolate. Se-
quencing of the initial RT-PCR product (fragment of the N
gene), obtained from the bat brain, and subsequent compari-
son of this sequence with those of other lyssaviruses demon-
strated that the virus belongs to LBV. Further genome frag-
ments were amplified using specific primers, designed for the
alignment of LBV gene sequences (39), and common degen-
erate primers for the lyssavirus L gene. The use of primers
LYS001 and LYSEND provided amplification and sequencing
of major parts of the leader and trailer regions. Finally, the
genome extremities were successfully determined from the
RNA ligation product, amplified by nRT-PCR, and cloned. Of
15 clones sequenced, 9 contained the nontruncated leader re-
gion and 5 contained the nontruncated trailer region.

The length of the KE131 genome (GenBank accession num-

FIG. 2. Detection of viral antigen by the DFA test of frozen tissue sections of the LBV-positive E. helvum bat. Shown is viral antigen within
papillae on the dorsal surface of the tongue (a) and in acinar cells of the submandibular salivary glands (b). Total magnification, �200. The photo
was by Michael Niezgoda.

TABLE 2. Results of virus isolation in MNA cells, detection of
viral RNA by nRT-PCR, and detection of viral antigen by
DFA test in the tissues and swabs from an LBV-infected

E. helvum bat

Specimen
source Virus isolation RNA detection Antigen detection

Brain � � NTa

Salivary gland � � �
Tongue � � �
Oral swab � � NT
Bladder � � �b

Nasal swab � � NT
Intestine � � �b

Lung � � �b,c

Stomach � � �b

Adrenal � � �b

Liver � � �b

Heart � � �b

Ovaryd � � �b

Kidney � � �b

Vaginal swab � � NT
Spleen � � �b

a NT, not tested.
b Viral antigen associated with neural tissue and ganglia only.
c �, limited presence of viral antigen in a few cryosections only.
d Complete longitudinal sections of the reproductive system were examined

for the presence of viral antigen.
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ber EU259198) was 12,017 nt. The genome consisted of five
structural genes, found in all lyssaviruses: the N (1,350 nt
coding for 450 amino acids [aa]), P (915 nt coding for 305 aa),
M (606 nt coding for 202 aa), G (1,566 nt coding for 522 aa),
and L (6,381 nt coding for 2,127 aa) genes. The major gene
characteristics were similar to those of other lyssaviruses de-
scribed previously (3, 5, 21, 33, 34, 42, 45, 46, 50, 64). The
B-cell epitope NI (aa 374 to 383) (14) of the KE131 nu-
cleoprotein is shared with isolates LBVAFR1999 and LBV
SEN1985, whereas other LBV nucleoproteins have substitu-
tion R/K376, similar to MOKV. The NIII epitope (aa 313 to
337) is almost invariant in all LBV and MOKV nucleoproteins,
as well as the TH site (aa 410 to 413) (16). Among described
T-cell epitopes (12, 19) significant conservation was observed,
and KE131 shared maximum identity of these regions with the
LBVSEN1985 and LBVAFR1999 isolates. The critical posi-
tion of the binding site for the cytoplasmic light chain of dynein
LC8 within the phosphoprotein (aa 143 to 148) (51) is con-
served: N(Q/R)QTQT is found in all LBV representatives as
well as in other lyssavirus species except MOKV, where it
consists of S(I/V)QIQT, and WCBV, where it is apparently
absent (32). Among antigenic sites I to III of the glycoprotein,
which are not well conserved between lyssaviruses (3, 34), the
KE131 sequences share maximum identity with other LBV
sequences (and among these, particularly with LBVSEN1985
and LBVAFR1999 sequences) and to a lesser extent with
MOKV sequences. The R(K)/D333 substitution in the glyco-
protein ectodomain, which is thought to be responsible for the
limited peripheral pathogenicity of certain lyssavirus strains (3,
15), is present in the KE131 glycoprotein as well as in glyco-
proteins of all LBV and MOKV isolates sequenced to date.
Functional blocks described previously for the polymerase pro-
teins of lyssaviruses and other Mononegavirales (50) are well
conserved in the KE131 polymerase. The 3� and 5� extremities
of the KE131 genome are complementary to each other along
the 10 terminal nucleotides.

No complete LBV genomes are present in the GenBank to
date. Among other complete lyssavirus genomes available for
comparison, the noncoding regions of KE131 were most sim-
ilar to those of the MOKV sequence (GenBank accession no.
Y09762). The N-P intergenic regions of both these viruses
consisted of 3 nt (in RABV, EBLV-1, EBLV-2, ABLV,
ARAV, KHUV, and IRKV genomes there are 2 nt, and in the
WCBV genome there are 4 nt), and the M-G intergenic re-
gions consisted of 16 nt (in RABV, EBLV-1, EBLV-2, ABLV,
ARAV, KHUV, and IRKV genomes there are 5 nt, and in the
WCBV genome there are 39 nt).

Phylogenetic analysis implemented for the entire N gene
(Fig. 3) demonstrated that the KE131 isolate was most similar
to two viruses originating from Senegal (LBVSEN1985) and
from France via Togo or Egypt (LBVAFR1999). The N gene
sequences shared 98.5 to 98.8% nucleotide identity, and the
associated amino acid sequences shared 100% amino acid
identity. We also compared the G gene and deduced glyco-
protein sequences, because the G is responsible for VNA pro-
duction, which was important for the assessment of specificity
and sensitivity of our serologic assay. For the G, the KE131
isolate shared with isolates LBVAFR1999 and LB-
VSEN1985 99.1% and 99.6% nucleotide identity and 99.8%
and 100% amino acid identity, respectively (only a single

amino acid substitution, G/E518, was detected in the glyco-
proteins of KE131 and LBVSEN1985 isolates compared to
the LBVAFR1999 isolate).

Detection of LBV RNA in oral swabs. All collected oral
swabs (n � 931) were negative in the nRT-PCR except the one
obtained from the bat from which the KE131 virus was iso-
lated.

Serologic evidence of LBV circulation in bats. Anti-LBV
VNA were detected in a substantial proportion of serum sam-
ples collected from E. helvum and R. aegyptiacus bats and were
not detected in any other bat species (Table 1). To assess the
specificity of the RFFIT, all serum samples collected in 2006
(n � 269) were tested against representatives of three LBV
lineages, MOKV, DUVV, RABV, and WCBV (Table 3). Most
of the samples that neutralized the LBVAFR1999 isolate also
neutralized the LBVSA1982 and LBVNIG1956 isolates, indi-
cating significant cross-reactivity between LBVs. Several sam-
ples had a greater neutralizing titer against LBVNIG1956 than
against other LBV representatives. However, this distinction
might be caused by operational differences in RFFIT proce-
dures. The LBVNIG1956 replicates in MNA cells slowly and
never reaches high titers.

In addition, 38% of specimens that neutralized LBV also
neutralized MOKV, and only two of them demonstrated lim-
ited neutralizing activity against RABV. None of the samples
that neutralized LBV demonstrated any activity against
DUVV and WCBV. Considering the detected cross-reactivity
between different LBV isolates and the observation that gly-

FIG. 3. Phylogenetic position of the KE131 isolate among other
LBV sequences, based on the entire N gene (1,350 nt). The tree was
obtained by the neighbor-joining method. Bootstrap values are pre-
sented for key nodes, and branch lengths are drawn to scale. The LBV
sequences, location and date of isolation, and species are as follows:
LagSA2003 (EF547451), South Africa, 2003, Epomophorus wahlbergi;
Mongoose2004 (EF547453), South Africa, 2004, water mongoose;
LBVSA1982 (EF547455), South Africa, 1982, E.wahlbergi; LB
VSA1981 (EF547457), South Africa, 1980 to 1981, E. wahlbergi;
LagSA2004 (EF547458), South Africa, 2004, E. wahlbergi; LBV
ZIM1986 (EF547450), Zimbabwe, 1986, cat; LBVCAR1974
(EF547449), Central African Republic, 1974, Micropteropus pusillus;
LBVNIG1956 (EF547459), Nigeria, 1956, Eidolon helvum; LBV
SEN1985 (EF547448), Senegal, 1985, E. helvum; and LBVAFR1999
(EF547447), France via Togo or Egypt, Rousettus aegyptiacus.
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coproteins of KE131 and LBVAFR1999 isolates are very sim-
ilar to each other, we used only the latter virus for screening of
serum samples collected in 2007 (n � 813).

Seropositive R. aegyptiacus (n � 339; seroprevalence range
by roost location, 29 to 46%) and E. helvum (n � 102; sero-
prevalence range by roost location, 40 to 67%) bats were de-
tected in each roost where these species were present. No
significant differences in seroprevalence were observed be-
tween different roosts, and no variations between 2006 and
2007 were detected for each roost. Seroprevalence in males
was greater than in females, although statistically insignificant
(55% of males [n � 55] and 41% of females [n � 14] for E.
helvum [�2 � 1.72, P � 0.19]; 35% of males [n � 65] and 32%
of females [n � 55] for R. aegyptiacus [�2 � 0.45, P � 0.50]). In
addition, for both bat species antibody titers in males were
greater than in females (Fig. 4). Comparison of seroprevalence
in adult versus subadult R. aegyptiacus bats was available for
the animals collected in 2006. The seroprevalence in adults
(60% [n � 20]) was greater than that in subadults (31% [n �
16]), while statistically insignificant (�2 � 2.95, P � 0.086).
Based on this observation, we did not collect subadult bats in
2007, and further comparison between age groups was unavail-
able. The dead bat which was the source of KE131 isolation
was seropositive, with a 50% end point log10 neutralizing titer
of 2.86 � 0.27.

DISCUSSION

We performed the first bat lyssavirus surveillance in eastern
Africa. This study resulted in isolation of LBV from an E.
helvum fruit bat. The LBV isolate KE131, obtained in our

study, was related phylogenetically to the virus LBVSEN1985,
isolated from E. helvum in Senegal (	7,800 km away) 22 years
ago, and to the virus LBVAFR1999, translocated to France
from Togo or Egypt in 1999 by a sick R. aegyptiacus bat. This
genetic stability across time and space suggests that a given
LBV variant is well adapted to its primary host and that host
populations in western and eastern Africa have sufficient in-

FIG. 4. Titers of anti-LBV VNA in the sera of male and female
Eidolon helvum and Rousettus aegyptiacus bats (means � standard
deviations are indicated; whiskers show 1.96 times the standard er-
rors).

TABLE 3. Neutralizing activity of samples, collected in 2006, against a panel of lyssavirusesa

Bat no. Species
Neutralization activityb againstc:

LBVAFR1999 LBVSA1982 LBVNIG1956 MOKV RABV

284 R. aegyptiacus 1.56 � 0.23 1.56 � 0.23 1.64 � 0.33 neg neg
286 R. aegyptiacus 1.34 � 0.29 1.61 � 0.22 1.91 � 0.23 neg neg
289 R. aegyptiacus 2.31 � 0.33 2.32 � 0.27 1.54 � 0.19 1.59 � 0.26 neg
290 R. aegyptiacus 2.19 � 0.31 1.79 � 0.17 2.37 � 0.38 2.36 � 0.28 1.53 � 0.30 (0.25 IUd)
291 R. aegyptiacus 1.56 � 0.18 1.69 � 0.34 1.06 � 0.27 neg neg
300 R. aegyptiacus 1.20 � 0.23 1.28 � 0.16 1.17 � 0.27 neg neg
304 R. aegyptiacus 1.61 � 0.22 neg 1.32 � 0.24 neg neg
307 R. aegyptiacus 1.33 � 0.36 1.24 � 0.16 1.57 � 0.18 neg 1.26 � 0.16 (0.20 IUd)
308 R. aegyptiacus 1.68 � 0.78 1.48 � 0.20 neg neg neg
269 E. helvum 2.24 � 0.43 2.26 � 0.38 1.91 � 0.31 1.79 � 0.30 neg
274 E. helvum 1.68 � 0.31 1.49 � 0.19 1.64 � 0.28 neg neg
275 E. helvum 1.49 � 0.23 neg neg neg neg
279 E. helvum 1.04 � 0.44 1.12 � 0.25 1.73 � 0.26 neg neg
198 R. aegyptiacus 2.35 � 0.21 1.88 � 0.27 1.54 � 0.19 1.14 � 0.14 neg
206 R. aegyptiacus 1.65 � 0.23 1.61 � 0.22 neg 1.49 � 0.16 neg
216 R. aegyptiacus 1.68 � 0.34 1.49 � 0.20 neg neg neg
227 R. aegyptiacus 1.56 � 0.20 1.02 � 0.21 neg neg neg
228 R. aegyptiacus 1.13 � 0.17 1.81 � 0.26 2.13 � 0.16 2.19 � 0.30 neg
232 R. aegyptiacus 1.67 � 0.33 1.61 � 0.22 2.05 � 0.27 1.09 � 0.24 neg
233 R. aegyptiacus 1.04 � 0.36 1.69 � 0.34 1.33 � 0.16 1.56 � 0.22 neg
222B R. aegyptiacus 2.34 � 0.29 1.56 � 0.23 1.16 � 0.25 neg neg

a Only the samples that neutralized LBV are included.
b The log10 50% end point neutralizing titers � 95% confidence intervals are indicated. Samples were considered negative (neg) if the 50% end point neutralizing

titer at a serum dilution of 1:10 was 1 log10 or less (e.g., 50% or more observed fields contained the infected cells). None of the samples neutralized DUVV (the isolate
from South Africa, human, 1970) and WCBV (the isolate from Russia, Miniopterus schreibersi, 2002).

c MOKV, the MOKV isolate from South Africa (1997; cat); RABV, laboratory strain CVS-11.
d Expressed in IU based on a comparison with the activity of a standard anti-rabies virus immunoglobulin, 2 IU/ml (NIH, Bethesda, MD).
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teractions for pathogen exchange. If one considers Egypt as the
potential origin of the LBVAFR1999 isolate, we should in-
clude north Africa and the Mediterranean region (distribution
area of R. aegyptiacus) in this range as well. Unfortunately, the
available three isolates do not allow a conclusion as to whether
the primary host of this LBV variant is E. helvum or R. aegyp-
tiacus. Interestingly, the initial isolate of LBV collected in
Nigeria in 1956 from an E. helvum bat (LBVNIG1956) differs
significantly from all other LBV representatives (Fig. 3). We
detected evidence of LBV circulation in Kenya in both E.
helvum and R. aegyptiacus. However, we do not know whether
these species maintain circulation of only a single LBV variant
or whether there are additional LBV variants circulating as
well, as only the single isolate has been available to date. E.
helvum roosts on high trees, whereas R. aegyptiacus roosts in
caves (Fig. 5). These species may interact and exchange patho-
gens during nocturnal foraging. Meanwhile, as is well estab-
lished in the Americas, different bat species maintain circula-
tion of specific RABV variants (18, 46, 52). Therefore we may
expect circulation of distinct LBV variants in different Old
World bat species as well.

The isolate KE131 demonstrated genomic organization typ-
ical for all lyssaviruses. Among other complete lyssavirus ge-
nomes available for comparison from GenBank (no LBV ge-
nomes are available for a comparison yet), the KE131 genome
is most similar to the genome of MOKV. This similarity is
evident not only in the genetic distances and structure of cru-
cial functional elements but also in intergenic regions. To-
gether with serologic cross-reactivity, this observation supports

the assumption that MOKV and LBV are members of one
phylogroup (3).

We sequenced the complete lyssavirus genome from the
brain of a naturally infected bat. The most challenging part of
this procedure was to determine the genome extremities via
RNA circularization, followed by amplification and cloning of
the circularized extremities. Circularization was described pre-
viously for viral genomic RNA only (6, 38, 44). However, we
demonstrated that this approach may be implemented for total
RNA extracted from an infected animal brain. The represen-
tation of nontruncated genome extremities in the sequenced
clones was quite efficient, despite the fact that several hours
separated the animal’s death from the sampling (ambient tem-
perature around the roost was approximately 20°C). Further-
more, the harvested brain was subjected to freeze-thaw cycles
at least twice prior to RNA extraction, and the extracted RNA
was frozen and thawed prior to the ligation procedure and
nRT-PCR. This method should facilitate the generation of a
greater number of the complete lyssavirus genome sequences
from field specimens. At present, we do not know the speed of
accumulated mutations in lyssavirus genomes during passages
in laboratory animals or cell cultures or their functional signif-
icance. Extensive passaging may alter virulence dramatically,
leading to adaptation to a new replication model and attenu-
ation for other models. Therefore, it is preferable to generate
complete viral genomes from field samples. Furthermore, as
more complete genomes are generated, there will be greater
insight into virus phylogeny and evolution.

We did not detect LBV or serologic reactivity against this

FIG. 5. A roosting group of Eidolon helvum bats on a tree (a) and a colony of Rousettus aegyptiacus bats in a cave (b). The photos were by Ivan
V. Kuzmin.
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virus in other bat species, including Epomophorus bats, which
are the presumed hosts of LBV in South Africa (39, 40). One
plausible explanation is that this LBV variant is not present in
Kenya (although it was isolated not only in South Africa and
Zimbabwe but also in countries neighboring Kenya, such as the
Central African Republic and Ethiopia), or that our collection
of Epomophorus bats was too limited (n � 19) and we missed
positive bats from a spatiotemporal or collection bias.

In general, the infection prevalence among all collected bats
was low (1 of 1,182 brains tested, or about 0.1%), and only
0.2% if calculated considering only E. helvum and R. aegyptia-
cus (n � 441). Among all sick and dead bats (n � 12) the
infection prevalence was 9%. In contrast, the seroprevalence
within various roosts ranged from 40 to 67% and 29 to 46% for
E. helvum and R. aegyptiacus, respectively. Similar results were
published for colonial North American bats that maintain cir-
culation of RABV: the infection rate among randomly col-
lected bats was usually less than 1%, whereas among moribund
and dead bats it was 4 to 14%; seroprevalence in colonies of
Tadarida brasiliensis was sometimes over 70% (9, 11, 56). This
may suggest similar circulation patterns of RABV and LBV in
gregarious bat species, which have high conspecific exposure
rates. Perhaps, due to limited susceptibility, possibly resulting
from coevolution, a majority of exposures lead to the develop-
ment of immunity, attributed to peripheral virus activity rather
than to central nervous system infection. We can speculate that
immunocompromised, sick, or stressed bats (for example, as a
result of superinfection, physical depletion caused by migra-
tions, breeding behavior, limited food supply, etc.) have a
greater probability to develop disease. While statistically insig-
nificant, the greater seroprevalence and higher VNA titers in
males may suggest that certain behavioral aspects of the sexes
are important for LBV exposure. In foxes, which maintain
circulation of RABV in Europe, rabies is diagnosed more
frequently in males than in females. This is attributed to their
territorial behavior and increased aggression during the mating
season (60). In contrast, in North American insectivorous bat
species, rabies was detected evenly in males and females (11,
20, 24) or the occurrence of infection among females was
greater than among males (7, 8). The latter was also true for
EBLV-1-infected insectivorous bats in The Netherlands (63).
It is interesting that in Australia, where fruit bats maintain
circulation of ABLV, a seroprevalence survey of a mixture of
sick and apparently healthy bats demonstrated the presence of
anti-ABLV VNA in 16% of samples (25).

In addition, seroprevalence in adult R. aegyptiacus bats was
greater than in subadults. Studies of T. brasiliensis demon-
strated that seroprevalence in juvenile bats and fetuses was
similar to that in adult females, suggesting the possibility of
prenatal VNA transfer. In August, seroprevalence in young T.
brasiliensis bats was limited, suggesting that by that season
young bats have already lost maternal antibodies (11, 56). We
did not test juvenile bats or fetuses from Kenya. Even if pre-
natal VNA transport occurred, those passively acquired anti-
bodies should have been eliminated from the blood of the
subadult bats that we collected. At the same time, subadult
bats have a rather limited chance to obtain active immunity.
Their relatively short life history and minimal opportunity for
frequent contacts with more aggressive adults (in colonies

subadults most often roost together, segregated from adults)
may potentially reduce their chance of exposure.

Interestingly, the bat from which the LBV was isolated was
seropositive. According to several reports from North Amer-
ica, sera of rabid bats rarely demonstrated virus-neutralizing
activity (11, 62). The relatively high neutralizing titer of the
serum of the infected bat may suggest that the animal was ill
for a considerable time (several days) and developed a sero-
logic response. Detection of the infectious virus, viral RNA,
and antigen in various tissues contributes to this assumption.
The lack of virus isolation from several tissues that demon-
strated the presence of viral RNA and antigen might be caused
not only by limited virus load but also by neutralization of the
infectious virus by VNA detected in the serum. High virus load
in mucous and serous acini of salivary glands, as well as in the
tongue epithelium cells and in the oral swab, suggests that
LBV infection may be transmitted by saliva. Detection of virus
in a nasal swab is not indicative. The nasal cavity might be
contaminated by the infectious saliva during the clinical period
of the disease (as the result of altered swallowing) or after
death (as the result of passive leaking). However, at least one
communication has reported the presence of RABV in the
nasal mucosa of naturally infected T. brasiliensis bats (10). We
did not test cryosections of nasal mucosa for the presence of
viral antigen. The presence of infectious virus in reproductive
organs and in a vaginal swab may suggest alternative routes of
LBV transmission. Detection of infectious virus in gastric and
bladder tissues is not indicative of virus excretion. As demon-
strated by the DFA test, viral antigen in these and other ex-
traneural tissues, except the salivary glands and tongue, was
associated with peripheral neural innervation of tissues and
ganglia.

Significant serologic cross-reactivity between LBV and
MOKV and very limited cross-reactivity of these viruses with
RABV were reported frequently from the initial recognition of
LBV and MOKV as rabies-related viruses (3, 23, 27, 53). We
have no substantive reason to consider the possibility of
MOKV circulation in fruit bats based on our cumulative sero-
logic results. Only 38% of LBV-neutralizing samples addition-
ally neutralized MOKV. Historically, LBV has repeatedly been
isolated from fruit bats in different areas of Africa, whereas
MOKV has never been identified in these animals.

No suggestions for virus shedding in saliva, in the absence of
brain infection, were obtained in our study, as all oral swabs
(except the one obtained from the rabid bat) were negative.

Both E. helvum and R. aegyptiacus are abundant fruit bat
species throughout major parts of the African continent. E.
helvum is distributed in sub-Saharan Africa only. While this
species is abundant and forms vast colonies in those areas
where there is a yearlong abundance of fruit, in less favorable
areas it forms smaller colonies or occurs only as a visitor during
seasonal migrations (28). The migratory activity of E. helvum is
broadly recognized; however, the predominant driving forces,
routes, and distances of the migrations are largely unknown
(17). R. aegyptiacus is distributed broadly in sub-Saharan Af-
rica and also in Cyprus and along the eastern part of the
Mediterranean coast (Turkey, Syria, Jordan, Israel, and
Egypt). No information about migratory patterns of R. aegyp-
tiacus is available, and we do not know whether the Sahara is
a significant natural barrier between northern and southern
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populations. In addition, a very closely related species, Rouset-
tus leschenaulti is distributed broadly in southern Asia, and
data on bat lyssaviruses from that area are very limited (35, 36,
48, 55).

Most of the roosts of E. helvum and R. aegyptiacus encoun-
tered in Kenya were situated within or in close proximity to
human settlements. Caves inhabited by R. aegyptiacus are fre-
quently visited by tourists. Usually bats avoid contacts with
people and fly away when disturbed. However, contacts of
people with sick bats that are unable to fly may occur. We do
not know the reason for mass mortality of bats in location 3 in
February 2007, as no samples were available for testing.

To date, LBV has not been reported as a cause of human
disease. Reduced pathogenicity in the mouse model was dem-
onstrated for LBV and MOKV. This was attributed largely to
the R(K)/D333 substitution in their glycoprotein ectodomains
(3). However, the initial pathogenicity studies of LBV were
performed on the prototype isolate (Nigeria; 1956) only. Mice
and dogs did not present a productive infection after intramus-
cular administration of this virus, even with doses of 6.5 to 7.5
log10 MLD50. Nevertheless, one of six monkeys inoculated
intramuscularly with 6 log10 MLD50 developed bilateral paresis
on day 22 but recovered on day 86, and no virus was isolated
from the animal after euthanasia on day 108 (59). When
various LBV representatives were compared in the mouse
model, isolates closely related to KE131 (LBVSEN1985 and
LBVAFR1999) demonstrated the same peripheral pathogenic-
ity as RABV (39). In our study, isolate KE131 was also patho-
genic peripherally for mice, although a high virus dose was
needed to produce the disease. Therefore, the previous as-
sumption that LBV is lacking peripheral pathogenicity was
incorrect.

In Kenya, as in many other African countries, rabies surveil-
lance is lacking (29). The majority of lyssavirus isolates are not
identified, and the actual significance of LBV and other lyssa-
viruses for public and veterinary health is unknown. A recent
study in Malawi demonstrated that 11.5% of human cases of
cerebral malaria were actually misdiagnosed rabies cases (37).
Public awareness and education must be increased, and addi-
tional surveillance is needed for a better understanding of the
epizootic situation, circulation patterns, and threat of lyssavi-
rus emergence in Kenya and other African countries.
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